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Background: Chlamydia trachomatis infection is the most common sexually transmitted infection (STI) in the
western countries; its prevalence in the conservative Muslim population of Saudi Arabia is not known, but it is
generally believed to be low. This study is the first to investigate the prevalence of and risk factors for C. trachomatis
infection in the high-risk group of female inmates at Briman Prison in Jeddah.
Methods: The inmates were interviewed using a pre-designed questionnaire, and their urine samples were tested for
C. trachomatis infection by real-time PCR assay.
Results: The overall prevalence of C. trachomatis infection was 8.7% in the study population. The ≤25 age group was
predominantly affected, with an average prevalence of 16.6%. Two out of five (2/5, 40%) Yamani, (4/33 12.1%)
Indonesian, (3/33, 9.1%) Somalian and (2/26, 7.7%) Ethiopian inmates were positive for infection. None of the Saudi
inmates (0/14) were positive for infection. Among the studied variables, only age was significantly associated with the
infection rate. The other variables (marital status, nationality, religion, employment status, education level, nature of the
offense committed, knowledge about protection from STIs, and knowledge about condom use and the purpose of
condom use) did not show a significant correlation with Chlamydia infection.
Conclusions: The overall prevalence of C. trachomatis infection was within the range published by other reports in
similar prison settings in developed countries. The results indicate the need for a countrywide screening and treatment
program for all inmates at the time of entry into prison.
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Chlamydia trachomatis is the most prevalent sexually
transmitted pathogen worldwide, and affects women dis-
proportionately [1-4]. C. trachomatis infection is mostly
asymptomatic and has long-term serious health conse-
quences in women who are not screened on time and
given proper treatment. In particular, ectopic pregnancy,
pelvic inflammatory disease, urethritis, infertility and
cervical carcinoma are long-term complications associ-
ated with chronic C. trachomatis infection [5-7]. The
C. trachomatis infection rate in the general population in
the West is 1–10% in both genders [2,8,9].* Correspondence: fageeh.wafa@gmail.com
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unless otherwise stated.The risk of acquiring C. trachomatis is associated with
several socio-demographic and behavioral factors [10].
Particularly, incarcerated persons are at a high risk for
sexually transmitted infections (STIs). Inmates report
multiple behaviors which increase the risk of STIs such
as C. trachomatis, including sex with multiple partners,
unprotected sex and inconsistent condom use, and sub-
stance use disorders [10-12]. Commercial sex work,
which is frequent among incarcerated women, has also
been associated with STIs [13,14]. Importantly, those in-
fected with C. trachomatis may be at an increased risk
of acquisition and transmission of HIV [15,16]. The sur-
veillance program of Centers for Disease Control and
Prevention (CDC, http://www.cdc.gov/std/) and other
studies have reported a 7–21% prevalence of C. tracho-
matis infection among incarcerated females [17].Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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about the prevalence of C. trachomatis in Islamic coun-
tries [18,19], and there is no report about C. trachomatis
prevalence in the general population of Saudi Arabia.
The general perception is that the prevalence of STI in-
fections is low in Muslim societies due to prohibition of
non-marital sex and sexual promiscuity. There has been
no national study and there is no surveillance program
in the Saudi Arabia to monitor the prevalence of C. tra-
chomatis infection. The aim of this study is to initiate a
program for monitoring the prevalence and spread of
C. trachomatis infection in the country.
In this study, we evaluated the prevalence of C. tracho-
matis infection in incarcerated women. We hypothesized
that this group of marginalized women would be likely
to have a relatively high prevalence of STIs. This popula-
tion also interacts with the general population after re-
lease, so diagnosis and treatment could affect the burden
of disease in the general population [20]. The results of
this study could significantly influence the development
of appropriate policies regarding screening and treat-
ment in prisons [21].
Methods
Study design
A cross-sectional study design was utilized in the
present study to estimate the prevalence of C. trachoma-
tis infection in the high-risk group of female prisoners.
The study was conducted at Briman Prison in Jeddah.
Jeddah is a metropolitan seaport city of Saudi Arabia
that has the major population of expatriate workers, and
Briman Prison is one of the biggest in the country. The
female inmates comprise of local Saudi and expatriate
workers from different countries.
Ethical considerations
The Institutional Review Board of the Ministry of Health
Western Province of Saudi Arabia permitted the STI
screening and medical care program for inmates who
were diagnosed with the infection. Written consent was
obtained from each participant, and the study aims were
explained verbally to those inmates with poor reading
skills. Screening was conducted confidentially.
Participants and procedure
Once participants provided their informed consent, an
interview was conducted with each participant in a pri-
vate room to ensure confidentiality. Data on sociodemo-
graphic characteristics, sexual behaviors (marital status,
condom use, etc.), education, religion, employment status,
and the nature of offense were included to identify risk
factors for C. trachomatis infection in this population. We
arranged for the medical supervisors of the prison to
inform inmates who tested positive, and suggestions forappropriate treatment were given according to the rec-
ommendations of the CDC (http://www.cdc.gov/std/
treatment/2010/chlamydial-infections.htm).
Chlamydia testing
Urine samples were collected from participants in sterile
containers. Samples were transported to the Special
Infectious Agents Unit (SIAU) of King Fahd Medical
Research Center. Real-time PCR analysis was used to de-
tect C. trachomatis infection, using a modified procedure
of Jaton et al. (2006) [22]. Briefly, urine samples were
centrifuged at 14000 rpm for 20 min, and DNA was
extracted from the pellet using the QIAamp DNA Mini
Kit (Qiagen), following the manufacturer’s instructions.
Real-time PCR amplification was performed using the
primer pair Ctr_F (5′-CATGAAAACTCGTTCCGAAA
TAGAA-3′) and Ctr_R (5′-TCAGAGCTTTACCTAAC
AACGCATA-3′), which amplifies a 71-bp DNA segment
of C. trachomatis [22]. The oligonucleotides were pre-
pared by MOLBIOL (Germany), and the cycles were per-
formed using Rotor-Gene Q (Qiagen).
Statistical analysis
Univariate analysis was used to determine the relation-
ship between C. trachomatis infection (response variable)
and individual explanatory variables (age, nationality, re-
ligion, marital status, nature of offense, level of education,
profession, knowledge about protection against STIs,
knowledge about whether the use of condom protects
against STIs and prevents pregnancy). The independent-
sample t-test was applied to ascertain the relationship be-
tween Chlamydia infection and age. Fischer’s exact test
and the chi square test were applied to ascertain the rela-
tionship between the response variable and explanatory
variables. A significant threshold was defined as a P value




A total of 211 female inmates of Briman prison partici-
pated in this study. Among them, 205 answered the
questionnaire, and six returned incomplete question-
naires and were excluded from the analyses. The age
range was 17–60 years, and the mean (±SD) age was
33.2 ± 9.3 years. In the study population, 7.8% of the in-
mates were of Saudi Arabian nationality. The majority of
them, i.e. 90.7%, were expatriates; 32.2% were Indonesian;
2.9%, Yamani; 42.9% Africans (Ethiopia, Somalia, Chad,
Sudan, Nigeria, Eretria and Egypt) and 14.2% other nation-
alities. Among the participants, 58.5% were convicted for
prostitution, 10.2% for illegal immigrantion, 6.8% were
convicted for wine trading, and the rest were convicted for
forgery, theft, begging, etc. A majority of the participants
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gard to education, 34.1% were uneducated and only 4.9%
were college graduates. With regard to knowledge about
STIs, 52.2% of the incarcerated females were aware about
protection from STIs; only 4.9% used condoms for protec-
tion from STIs; and 15.1% used condoms to prevent preg-
nancy. Moreover, more than 50% were not in favor of
screening for STIs before marriage.
Non-screened participants
64 participants opted out of screening. Background vari-
ables were almost the same among the tested and non-
tested participants for Chlamydia infection. With regards
to age, 78.1% (50/64) of the non-tested inmates for
Chlamydia were above 25 years. Among the tested
participant, 74.8% inmates were above 25 years of age.
The majority of non-tested inmates were expatriates simi-
lar to the tested participants including Indonesian (33/64,
51.6%), Yemeni (1/64, 1.6%), African countries (Ethiopia,
Somalia, Chad, Sudan, Nigeria, Eretria and Egypt) (17/64,
26.6%) and other nationalities (12/64, 18.8%).
Consistent with the participants tested for Chlamydia,
majority of the non-tested participants were convicted
for prostitution (49/64, 76.6%), illegal immigration (3/64,
4.7%), forgery (3/64, 4.7%), murder (2/64, 3.1%), drugs
(1/64, 1.6%), wine trading (1/64, 1.6%) and others were
convicted with theft and financial matters etc. Majority
of the non-tested participants were either married (23/64,
35.9%) or divorced (29/64, 46.9%). In-contrast to tested
participant, 42.2% (27/64) non-tested participant were ed-
ucated to secondary school level, 18.8% (12/64) were un-
educated and only 3.1% (2/64) were college graduates.
With regard to knowledge about STIs, 42.2% (27/64) of
the non-tested incarcerated females thought that they
were aware about protection from STIs; only 9.4% (6/64)
used condoms for protection from STIs; and 14.1% (9/64)
used condoms to prevent pregnancy. Moreover, more than
42.2% (27/64) were not in favor of screening for STIs be-
fore marriage.
Chlamydia infection and association with risk factors
Among the participants, 64 did not provide a urine sam-
ple. Therefore, we were able to test only 149 women for
C. trachomatis infection. Thirteen were positive for
C. trachomatis infection, which reflected an overall
prevalence rate of 8.7% in the female inmates of Briman
Prison. However among the 149 tested women, 6 partici-
pants including one positive female were excluded from
the rest of analyses because they returned an incom-
pletely filled questionnaire. With regard to age, 74.8% of
the inmates who participated were above 25 years.
Among the participants aged ≤25 years, 25.2% were sexu-
ally active, and the prevalence of C. trachomatis infection
in this age group was 16.6% (Table 1). However, only5.6% of the inmates aged above 25 years were positive for
C. trachomatis infection. Among the participants who
were tested for Chlamydia, 9.7% were Saudi Arabian;
23.1%, Indonesian; 3.5%, Yamani; 54.4% Africans (Somalia,
Ethiopia, Chad, Sudan, Nigeria, Eretria and Egypt) and
9.8% other nationalities. None of the Saudi Arabian
inmates were positive for C. trachomatis infection.
Among the five Yamani inmates, two were positive
for infection (2/5, 40%). In addition, the urine samples of
(4/33, 12.1%) Indonesian, (3/33, 9.1%) Somalian and (2/26,
7.7%) Ethiopian inmates were positive for C. trachomatis
infection. Nine of the twelve C. trachomatis-positive
inmates were involved in prostitution or adultery; the
remaining three C. trachomatis-positive inmates were
convicted for wine trading and forgery. The infected
participants were either married (10.5%), divorced (3.0%)
or widowed (25.0%), and 12.5% of single female partici-
pants were positive for C. trachomatis infection. The
infection rate was 8.2% and 11.8% in uneducated and
primary-level educated inmates respectively. The infec-
tion rate was 10.3% among participants who were not
aware of protection from STIs. The inmates who re-
ported using a condom were free from infection. No sig-
nificant difference was observed in the infection rate
among women who preferred to use condoms only to
prevent pregnancy compare to non-condoms user to pre-
vent pregnancy. Only age was significantly associated
with the C. trachomatis infection rate, as the prevalence
was observed to decrease with age. The other variables
did not show any significant association with Chlamydia
infection.
Discussion
Saudi Arabia has a conservative Muslim community,
and information about STIs in Islamic countries is not-
ably limited. This analysis of C. trachomatis infection
among female inmates of Briman Prison is the first such
study on the epidemiology of bacterial STIs in a prison
population within the Saudi Arabia.
We found an 8.7% prevalence rate among the female
inmates, which is consistent with the CDC (2005)
Chlamydia surveillance report, according to which the
prevalence of C. trachomatis infection is 8.9% among fe-
male inmates, and findings from other studies performed
in similar settings to screen this high-risk group [4,23].
However, the prevalence rate reported by studies in west-
ern countries is varied between 3.9% and 21% [4,24]. Re-
cently performed studies in antenatal clinics of the Saudi
Arabia found that 10.5% of pregnant women and 7.8% of
infertile Saudi women were positive for C. trachomatis
infection [18,25].
In this study, the age of inmates was positively corre-
lated with the infection rate, which was higher at 16.6%
in inmates who were ≤25 years. A number of other
Table 1 Potential risk factors associated with C. trachomatis
infection in the inmates of Briman Prison, Jeddah
Risk factors
% Participants % Chlamydia-positive
p value
(N = 143) (n = 12)
Age
≤25 y 25.2 16.6
0.03
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sexually active females, and young age is considered as a
primary risk factor for STDs [17]. Moreover, the C. tra-
chomatis infection rate in imprisoned adolescent females
are reported to be as high as 24.7% [17,26]. Therefore,
the prevalence of STIs in incarcerated adolescent females
in the country is an important health concern, and it is
important that all imprisoned women be screened for
STIs [27-29].
In contrast with previous literature, prostitution and
other factors associated with STIs including illiteracy,
alcohol consumption, condom use and income status
were not found to be significant risk factors in this study
[30,31]. This may be because of the relatively small sam-
ple size and low prevalence of Chlamydia infection in
our study population. Overall knowledge about protec-
tion from STIs was low in the studied participants. Con-
sistent with studies from the Western world [32], 21.0%
of incarcerated women were aware of condom use but
only 2.1% actually used condoms for protection from
STIs.
Apart from the small sample size, another limitation
was that 31.8% of the participants either did not provide
samples for testing or did not fill out the questionnaire.
The reasons for refusal were not collected, but it is pos-
sible that this was because the majority of the inmates
were expatriates and uneducated. They may have not
understood the aims of study clearly or they may have
had a general attitude of mistrust towards how the study
information might be used.
Despite its shortcomings, this study provides a strong
foundation for the initiation of screening programs for
STDs in this high-risk inmate population in Saudi Arabia.
Notably, since a majority of the prisoners are released back
into their home communities, their health status is closely
linked to that of the local population. Thus, comprehen-
sive identification and treatment of STDs in prisons can
limit the spread of infections from this high-risk popula-
tion after their release [33].
Conclusions
In conclusion, the overall prevalence of C. trachomatis
infection (8.7%) in the female inmates at Briman prison
is comparable to the infection rate reported in prison
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sociated with infection rate. Future programs in this
population should include regular screening for STDs,
treatment, and spread of education and knowledge about
protection from STDs. The programs established should
also take into consideration the conservative nature of
the society and be customized to the individual needs of
inmates.
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